Ficus krishnae C. de Candolle (1906: ad t. 8092 ) is a very unusual species in Ficus due to the formation of cup-shaped leaves. due to this peculiar nature of leaves the plants of the species are worshiped in India. Many mythological stories regarding the formation of cup-shaped leaves are associated with the species (tiwari et al. 2015) . the species was first described from cultivated plants and differentiated from F. benghalensis Linnaeus (1753 Linnaeus ( : 1059 chiefly based on the leaf peculiarities but also on the differences in the tomentum, stipules, perianth, stamens, and stigma (Prain 1906) . to date the plant is only available in gardens and is chiefly propagated through cuttings (tiwari et al. 2015) . When the species came into light it was thought that the formation of cup in its leaf is due to a bud mutation in F. benghalensis (Molisch 1930 , Biswas 1932 , 1935 . Considering this views, Berg & Corner (2005) merged this species under F. benghalensis ignoring the leaf characters. Corner (1965) and Chaudhary et al. (2012 Chaudhary et al. ( ) have treated F. krishnae at varietal rank under F. benghalensis. recently, tiwari et al. (2015 critically re-examined its morphology and other data available on its anatomy, chromosome and dNa content, and found that F. krishnae distinctly differs from F. benghalensis in many characters such as habit, plant height, presence of aerial roots, stipule, petiole, lamina, receptacle, male flower, stigma of female flowers etc.; and they reinstated the species again. they also observed many additional characters such as leafy appendages on the petiole, length of petiole, variations in cup formation etc. in the present-day plants of F. krishnae, which were not observed when the species was first described more than 100 years ago. Priyadarsanan (1999) has also suggested to treat these two species separately as they are pollinated by two different species of wasps. In a recent preliminary molecular study conducted by rout & aparajita (2009) using ISSr markers in 23 taxa of Ficus, F. benghalensis and F. krishnae have come together in a single cluster. Since there is a conflicting opinion among various experts regarding the taxonomic status of this species and also the plants are of high cultural importance in India because of being considered highly sacred (tiwari et al. 2015) , we decided to re-examine the taxonomic identity of F. krishnae and F. benghalensis through comparisons of chloroplast and nuclear dNa.
the main aim of the present study is to check the sequence differentiation of nrdNa and cpdNa of both species, F. krishnae and F. benghalensis, at various loci. the sequence analysis may infer the taxonomic status of both species and thus may provide evidence whether F. krishnae is a taxon different from F. benghalensis or not. We studied sequence differences in both species using four loci of chloroplast dNa (two intergenic spacers such as psbM-trnd, trnL-F, and two introns such as rps16, atpB) in addition to internal transcribed spacer (ItS).
Material and Methods

Plant materials
Fresh leaf samples of both species under study [viz. F. krishnae (FK1, FK2) and F. benghalensis (FB1 and FB2)] were collected each with two samples from two sources (National Botanic garden, Lucknow and Indira gandhi udyan, raebareli, uttar Pradesh, India) and preserved in silica gel for quick dry (Chase & hills 1991) . Voucher specimens were deposited in the herbarium of National Botanical research Institute, Lucknow, India (LWg).
DNA isolation & amplification of nrDNA & cpDNA loci
genomic dNa of both species was extracted using dNeasy Plant Mini Kit (QIageN, Valencia, Ca, uSa) according to the instructions of the manufacturer. Quality was checked under uV light, following electrophoresis with a molecular mass standard (hindIII/ecorI dNa Marker, Biofinex, Switzerland). dNa concentrations were determined using a Nanodrop Nd-1000 uV spectrophotometer (Nanodrop, Wilmington, de). PCr amplification was performed for ItS and four other loci of cpdNa. the internal transcribed spacers (nrdNa ItS) were amplified using primers ItS4 and ItS5 (White et al. 1990) , while four loci of cpdNa including two introns (rps 16, atpB) and two intergenic spacers (trnL-F, psbM-trnd) were amplified using known primers (Burleigh & Mathews 2007) . the PCr programmes for five loci were more or less besides the annealing temperature. the annealing temperature for four loci was optimized individually with each primer pair. the PCr was performed in a total of volume 50µl containing final concentration of 1X PrimeStar Buffer (Mg2+ Plus), 200μM each dNTPs, 20 pMole each primer, 1.25u of Prime STAR HS DNA Polymerase and 100ng of template DNA. The amplified PCr products were either purified (with single allele) or gel eluted (in case of more than single alleles) with help of Sureextract Spin PCrclean up/gel extraction kit (genetix, India) and carried out further with PCr followed by sequencing on dNa analyzer 3730xl (aBI, uSa).
Sequence alignment & analysis for sequence
the sequences obtained were aligned and consensus sequences were constructed using the Clustal X programme (thompson et al. 1997 ) and adjusted manually as necessary. Sequence boundaries of various loci were determined by comparing the aligned sequences with the sequences in public domain in NCBI genBank. Multiple alignments of ItS, atpB, rps 16, trnL-F and psbM-trnd loci of two accessions of F. krishnae and F. benghalensis have been deposited to dryad digital repository as Supplementary figures 1 and 2a-2d (http://dx.doi.org/10.5061/dryad.sb560). Sequence divergence values were estimated by both Jukes and Cantor's model and Kimura's 2 parameter as implemented in Molecular evolutionary genetics analysis (Mega) software version 6.0. the scoring matrix was substituted from sequence similarity between two species, and phylogenetic trees were constructed by the maximum parsimony method.
Results
Non-divergence of ITS sequences between Ficus krishnae and F. benghalensis
all four samples (two accessions of each species) were attempted to conduct direct sequencing of ItS PCr products for readable sequences. the multiple alignment of these samples revealed that there is no sequence divergence in ItS1, 5.8S and ItS2 regions. When we compared the ItS1 with a reference sequence (as no complete sequence of ItS in F. benghalensis from the public domain was obtained) we found that two accessions (FK1 and FB2) of both species were complete in ItS1 while other two accessions (FK2 and FB1) of the said two species were incomplete with few bases. But ItS2 of four accessions of both species were found to be complete when compared. however, there was no sequence dissimilarity with respect to the ItS region in multiple alignments in four accessions of both species (Supplementary Figure 1) .
Slow divergence of two introns of cpDNA between Ficus krishnae and F. benghalensis
the sequence alignment of two phylogenetically important loci, rps16 and atpB, revealed that all the nucleotide sequences in four samples of both species were more or less conservative and hardly showing any specific variation. the intron atpB yielded fewer bases with comparison to rps16 (Supplementary Figure 2a) . this shortened length of sequences may be due to the direct sequencing of PCr products. all the sequences of four samples in the multiple alignment of the partial intron, atpB were found to be conserved while only two deletions of two bases were found in the alignment of rps16 with comparison to F. bengalensis (Supplementary Figure 2b) . Figure 2c) and psbM-trnd (Supplementary Figure 2d) were explored for the sequence variation between the two species, and the multiple alignment of these spacers revealed no sequence variation.
Non-divergence of two intergenic spacers of cpDNA between Ficus krishnae and F. benghalensis two intergenic spacers trnL-F (Supplementary
Molecular phylogeny analysis
all the four samples of the two species were carried out in the maximum parsimony analysis, in which the initial and final gaps were deleted for the same sequence to be analyzed in partial sequences of five loci of nrdNa and cpdNa. We have checked the above analysis with individual loci as well as all five loci taken together (data not shown here as public domain did not contain sequences of all the studied five loci). In Figure 1 , all the four accessions of both species (dark coloured in Figure) are clustered with the public domain sequences of F. benghalensis (light coloured in Figure) in the individual maximum parsimony analysis of ItS loci with a strong bootstrap value indicating huge similarities between both species.
Discussion
Several morphological characters such as height of plants, aerial roots, stipules, petioles and ostiolar bracts of the receptacle have been used to discriminate F. krishnae from F. benghalensis (tiwari et al. 2015) . Further, F. krishnae also differs from F. benghalensis in the karyotype (Joshi & raghuvanshi 1970) , dNa contents (ohri & Khoshoo 1987) , stomatal and parenchymatous cells and nodal anatomy (Puri 1946 , Chattopadhyay & Maiti 2006 . Based on these features, tiwari et al.
(2014) identified F. krishnae as a distinct taxon and opined that the merger of F. krishnae with F. bengalensis as done by Berg & Corner (2005) makes the latter quite heterogeneous. But at the same time, the results of the molecular phylogenetic analysis showed that the two species are deeply nested in a single cluster (Figure 1 ) with insignificant sequence variations either in nrdNa or cpdNa loci. In our sequence analysis, we found that the two species of Ficus show the same data in all the four regions but in rps16 introns, and only two deletions of two bases were found in F. krishnae in comparison to F. benghalensis. thus, both the morphology and molecular data strongly contradict each other. this can be a case of recent speciation in F. krishnae which might have been developed due to mutations at one or a few coding loci or differences in gene expression associated with phenotypic appearance/morphogenesis. It may, on the other hand, be presumably regulated by distinct epigenetic patterns. this concept also supports the views of Biswas (1935) , who has also attributed the variations in F. krishnae due to bud mutations. the incongruence between morphology and molecular dataset is not observed for the first time but rather it was considered as a central issue in systematics (Lee 2001) . Sotiaux et al. (2009) have also noticed conflicting observations between morphology and molecular study in bryophytes and suggested that mutations may have tremendous consequences for phenotypic appearance and retention of ancestral polymorphism in non-coding sequences used for phylogenetic reconstruction.
